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ABSTRACT

Xylanases are hydrolytic enzymes involved in the degradation of xylan, the
main component of plant biomass. In the present study xylanase, XynA, from
Kazakh strain Bacillus licheniformis was obtained in recombinant form in
Escherichia coli cells. The xynA gene was amplified from the genomic DNA of the B.
licheniformis and cloned in pET-28c (+) vector under the control of the promoter of
bacteriophage T7. Recombinant XynA was produced in ArcticExpressRP(DE3) cells
by plasmid gene expression, protein purification was carried out by metal affinity
chromatography. During the study, the dependence of the enzymatic activity of
recombinant xylanase on temperature and pH was observed, it was established that
xylanase has the highest activity at +50°C and pH of 6.9. The activity units at these
values of temperature and pH werel859 per ml of purified protein. The working
temperature and pH ranges in which xylanase conserves more than 70% activity
from maximum is 40-60°C and 5-8, respectively.

The data obtained are essential for the use of carbohydrase xylanase from
B.licheniformis in biotechnological processes in the processing of vegetable raw
materials.
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INTRODUCTION

Xylanases (endo-1,4-p-xylanase, EC 3.2.1.8) are enzymes with a molecular weight of 6-80
kDa, which carry out the hydrolysis of -1,4-xylozide bonds in xylans (hemicelluloses), which is
one of the main components plant biomass. The most studied microbial xylanases (from bacteria
and fungi), which are involved in the biological degradation of plant biomass and thus play an
important role in the cycle of organic carbon in nature [1,2]. Most of the known microbial
xylanases belong to the 10th and 11th families of glycoside hydrolases [1].

In industry, xylanases are used for bleaching paper pulp in paper production, to improve
the baking properties of flour, the technology of converting vegetable residues, obtaining
biologics with prebiotic properties and to increase the nutritional value of feed for farm animals
— the processing of cereals, straw, bran.

As it is known, xylan, like cellulose, is not digested by the digestive system of monogastric
animals (pigs, poultry, rabbits) and the processing of feed with xylanase increases the content of
oligo- and monosaccharides and increases the digestibility of the feed [2]. The literature presents
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data on the use of xylanase for the treatment of grains and cereal crops as part of a complex of
enzymes such as cellulose, cellobiohydrolase, catalase, phytase, peroxidase, oxidoreductase,
laccase, esterase [3].

Materials and methods

Strains and plasmids
In this study Escherichia coli: DH5a, ArcticExpressRP(DE3) strains were used. The
bacterial strain Bacillus licheniformis T6 was taken from a laboratory collection (isolated from
soil near the city of Taraz).
Plasmid pET-28c(+) (Novagen, UK) was used for cloning and expression.

Oligonucleotides
In the present work, oligonucleotides sintesized in National Center for Biotechnology

were used (table 1).
Table 1. Oligonucleotides

XynA-Ncol  5’-CATGCCATGGCTAGCCCAGACTACTGGCAA-3’

XynA-Notl S>-TTTTCCTTTTGCGGCCGCCCACACTGTTACGTTAGAACTTC-3’
T7 fw 5’-TAATACGACTCACTATAGGG-3’
T7rv  5-TAATACGACTCACTATAGGG-3’

Media

Luria-Bertani low salt broth was used (1% tryptone, 0.5% yeast extract, 0.5% NaCl) for
cultivation of E.coli cells. For incubation of the transformed cells, was used SOC medium (2%
tryptone, 0.5% yeast extract, 0.05% NaCl, 2.5 mM KCI, 20 mM MgS04, 20 mM glucose,
pH7.5). Preparation of media was carried out according to the protocol of Maniatis [4].

Cloning of a xynA gene into the expression vector

XynA gene was amplified from the DNA of Bacillus licheniformis using primers XynA-
Ncol/XynA-Notl. The amplified gene was inserted in the expression vector pET-28c(+), both
digested by Ncol and Notl restriction enzymes. For amplification and cloning, the previously
described protocols were used [5]. The presence of the xylanase gene in the transformant strains
was confirmed by PCR screening using primers T7 fw/rv. Plasmid DNA hydrolysis,
dephosphorylation and ligation were carried out using the enzymes Ncol, Notl, FastAP, T4 DNA
ligase and the corresponding buffers for them: Buffer Orange and T4 DNA ligase Buffer
manufactured by Thermo Scientific. The nucleotide sequence of the xynA gene was determined
by sequencing using primers T7 fw/rv.

Expression of xynA gene in E.coli cells

Competent cells of the E.coli ArcticExpressRP(DE3) strain were transformed by the
obtained plasmid vector pXynA by electroporation. The selection of transformants was
performed on agar LB medium with kanamycin at a concentration of 50 pug/ml. The selected
colony-transformant was inoculated to 600 ml of Luria-Bertani broth in the presence of
kanamycin and cultured at 37°C with shaking 150 rpm. Upon reaching an optical density of
ODggo = 0.6, an isopropyl-p-D-thiogalactopyranoside was added at a final concentration of 0.5
mM. XynA protein induction was performed at + 37°C and shaking at 150 rpm for 16 hours.

Purification of recombinant XynA xylanase
Bacterial cells were centrifugated (6000g,+ 4°C,7 min) and lysed with lysozyme (2
mg/ml), followed by ultrasonic sonication [5]. The XynA protein was isolated from the cell
lysate by metal affinity chromatography using 1 mL HiTrap Chelating (General Electric) column
activated with Ni** ions. For the creation a linear gradient of the eluate, an AKTA Purifier 10



FPLC chromatograph (General Electric) was used. Imidazole was used as the eluate at a
concentration from 20 to 500 mM with the addition of 500 mM NaCl in 20 mM Tris-HCI (pH
8.0).
Obtaining of xylan
Crushed beech sawdust was poured with distilled water at the rate of 1 g of sawdust 40
ml of water. The mixture was autoclaved at +121°C and a pressure of 1 atm, 30 minutes. The
liquid was removed and the alcohol-water extraction was performed. Sawdust was poured with a
1:1 alcohol/water mixture and heated with reflux refrigerator at +90° C for 1 h. The liquid was
removed and the sawdust was washed with water and the alcohol-water extraction was repeated
for 2 hours. After removing the liquid, the sawdust was washed with water and dried on the filter
paper at +105°C for 1 hour. The precipitate was rinsed in a solution of 4% NaOH (+18°C), the
resulting suspension was placed on a shaker at +18°C for 6 hours and filtered. The filtrate was
neutralized with acetic acid to pH 5.5-6.5, alcohol was added in a ratio of 1:1 and incubated at
+4°C for 16 hours. After, the solution was centrifuged (6000g, 10 min, + 4°C), the supernatant
was removed, and the precipitate was washed three times with cooled 90% alcohol. The
precipitate was dried at a temperature of +50°C.
Determination of the dependence of xylanase activity on temperature and pH
The xylanase activity was determined by the amount of reducing sugars (in terms of
xylose) formed from a 1% xylan solution per unit of time at pH 6.5 and a temperature of +50°C

[6].
Determination of the dependence of activity on the temperature in the range from +25 to
80°C, and on pH in the range of 2.7-10.2.

RESULTS AND DISCUSSION

The xylanase gene xynA was cloned as part of the genetic engineering construct pET -

28c(+)/XynA. In the open reading frame, there is a protein with 197 amino acid residues
with deleted signal peptide and a calculated mass of 21.8 kDa. The recombinant protein contains
a hexahistidine tag at the C-end.

Comparison of the obtained gene sequence with the reference sequence of the xylanase
carbohydrase gene from the NCBI database (AF441773.1) showed the presence of 9 nucleotide
substitutions, 1 from which leads to amino acids substitution in the target protein:
Lys*®>Tyr?®.

Figure 1 shows the chromatogram and electrophoregram of XynA protein purification:

1 —flush the column buffer 20 mM Tris-HCI (pH 8,0), 500 mM NacCl, 350 mM Imidazole, 2,4,5 -
chromatographic fractions Ne 18-20, 3 - chromatographic fraction Ne21, 6 - load
Fig. 1. The chromatogtam of protein purification XynA (a) and protein electrophoresis fractions (b)

As follows from the figure 1, tagged protein XynA eluted from the column at an imidazole
concentration of 232 mM. Electrophoresis of the fractions corresponding to the chromatographic



peak showed that the fractions 19-21 contain xylanase with electrophoretic purity. The
concentration of xylanase in fraction 20 is 2 mg/ml.

The xylan obtained from beech sawdust has a powdery form of a light cream shade. In cold
water, xylan swells like starch and similar polymers. The yield of xylan was 11 g from 200 gram
of sawdust.

During this study, the dependence of the enzymatic activity of recombinant xylanase from
temperature and pH has shown the highest activity at +50°C and a pH of 6.9. The activity at this
temperature and pH was 1859 units per ml of purified protein. The working temperature and pH
ranges in which xylanase conserves more than 70% activity is 40-60°C and 5-8, respectively.

CONCLUSION

Thermal stability of xylanase is an important parameter since high temperatures are used in
papermaking, baking and feed manufacturing. Xylanase from the soil bacterium Bacillus
licheniformis shows a sufficient level of thermal stability (up to +50°C) and tolerance to changes
in pH (5-8), which makes this enzyme perspective for industrial application. The maximum
activity of recombinant carboxydrase xylanase from B.licheniformis is 930 units/mg.
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TYUIH

Kcunanazanap eciMaik OumoMaccachblHbIH Heri3ri  KOMIIOHEHTI  00JIbIN
Ta0BLIATBIH  KCWJIAHHBIH  JICrPajallUsiCblHA  KaThICATBIH  T'HIPOJMTHKAJIBIK
(depmentTepai Oiamipeni. YChIHBLIBIN OTHIPFAH KYMbICTa KazakcraniablK Bacillus
licheniformis mramMmMbiHaH anbIHFaH XynA kcuianazacel E.coli skacymamapsinga
PEeKOMOMHAHTTBI aKYbI3 TypiHae aabiHAbl. XynA reni B.licheniformis renomabik
JHK-nan  ammindukanusiansin, T7  O0akrepuodarsl  NPOMOTOPBIHBIH
O0akbL1aybiHAaFbl PET-28¢ (+) BekTOpbIHA KJIOHAANABLI. PekoMOMHAHTTBHI XynA
aKybI3bl ArcticExpressRP(DE3) xacymanapbiiaa miiasMuATi IKCIPECCUsi apKbLIbI
aJbIHABI, aKybI3 adguuai xpomarorpadus Taciiiver Tazajganabl. PekoMOMHAHTTHI
KCWIAHA3aHBbIH  ()epMeHTATHBTI OesiceHALTINHIH Temmeparypara :xoHe pH
KOpceTKilITepiHe TIyeJILIriH 3eprrey 0apbIChIHAA Kejleci MdJiMeTTep aJIbIHAbI,
kcwianaza +50°C :xkone pH 6,9 xepcerkimrepinge MakcuMaabl OeICeHAIKKe He
0osanel. Temneparypa meH pH ocbiHaal kepceTKilTepinae 0eJiceHaiK coliKkeciHe
1859 Oipaikrepai kKypaabl. KcunanazanbiH OeJICeHAINHIH OapbIHIIA KOFAPBI
koepcerkimin 70% aca popexkeciHie cakTail ajJaThbIH KYMBIC TeMIleparypachl MeH
pH kepcerkimrepi 40-60°C :xoHe 5-8 TeH. AJIbBIHFaH JAepeKTepliH eociMaik
MaTepHAIAAPbIH  KaWTa oeHAey Ke3iHae OHMOTEeXHOJIOTHSUIBIK YpAicTepinae
PEeKOMOMHAHTTHI KCHJIAHA3Aa KapOoruapa3ansl naiaanady yIiH MaHbI3bI 30P.

Herisri  ce3mep: kcmimana3za, Bacillus, pexomOmHaHTTBI  epMeHT,
KCWIAHA3AJIBIK 0eIceHALTIK.

MOJIYYEHUE U N3YYEHUE PEKOMBUHAHTHOMN KAPEOT'UJIPA3BI
KCHUJIAHA3BI U3 BACILLUS LICHENIFORMIS
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ABCTPAKT

Kcunanaspl  mpeacTaBiasilOT  co00M  rugpouTrudeckue  GepMeHTbI,
YYaCTBYWOIIHE B Jerpajaluv KCHWIAHA, OCHOBHOIO0 KOMIIOHEHTa PaCTUTEJIbHOM
Omomaccol. B mpexncrasBiieHHoll padore KcmiiaHaza XynA M3 Ka3axCTAHCKOIO
mramma Bacillus licheniformis 6sL1a mosyyeHa B pekoMOMHAHTHOW (opme B
kjerkax E.coli. Ien xynA 6b11 ammndunupoBan u3 renomuoii JJHK 6akrepun
B.licheniformis u kionupoBan B cocraBe BekTtopa pET-28c (+) moax koHTposiem
npomoropa Oakrepuodara T7. Ilyrem miazMuaHOH 3KCHpecCMH T'eHA B KJIETKAX
E.coli ArcticExpress RP(DE3) moay4yajin pekoMOMHAHTHBIN 0e10K XynA, o4nCTKa
KOTOPOro MNpoOBOAWIACHE METOAOM MeTalIo-appunnHon xpomarorpapuu. Ilpu
U3YYEeHMH 3aBHCHMMOCTH  ()epMEHTATHBHON AKTHBHOCTH  PEKOMOMHAHTHOM
KCWIaHa3bl 0T Temmepatypsl 1 pH OblIO ycTaHOBJIEHO, YTO KCWJIaHA3a HMeeT
MakcuMyM akTuBHOCTH npu + 50°C m pH 6,9. AKTHBHOCTH IPH 3THX 3HAYEHHUAX
Temneparypbl U pH cocraBuia 1859 exunun Ha mu ¢gpakuum OYMIEHHOTO OeJiKa.
Auana3zon padouyux Ttemmeparyp u pH, B KoTOpbpIX KCHIaHAa3a cOXpaHseT
aKTHMBHOCTHL 0oJiee 70% or MakcumaiabHOH, cocraBiasier 40-60°C u 5-8,
coorBercTBeHHO. llosyyeHHbIe JaHHBIC SIBJAKOTCH  CyIIECTBEHHbIMH LIS
HCI0JIb30BAHUA PEeKOMOMHAHTHOM KapOoruapasbl KCHJIAHA3bI B
OMOTEeXHOJIOTHYECKHUX MPoIeccax NpH nepepadoTke pacCTUTEJIbHOTO ChIPb.

KawueBble cioBa: kcwiana3za, Bacillus, pexomOunanTublii ¢epmenr,
KCHWJIAHA3HAsl AKTUBHOCTh
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